The radiation-resistant, red-pigmented bacteria belonging to the genus Deinococcus appear phenotypically similar to Micrococcus roseus, but the complex envelope profile and biochemical phylogenetic markers show them to be gram-negative clones of ancient lineage. All the type strains of indubitable Deinococcus species ( 0 . radiodurans, D. radiophilus, D. proteolyticus and D. radiopugnans) and all the representative strains of D. radiodurans have unusual numbers of polar lipids (mostly phosphoglycolipids) and do not have phosphatidylglycerol (PG) or the phospholipids derived from it. This polar lipid profile is distinctive of the genus, and the patterns are useful for characterization. The lack of PG or di-PG and their derivatives provides a reasonably easy assignment to the genus Deinococcus and may allow recognition of relatives within the Deinococcaceae, which may not be radiation resistant. The species incertae sedis, D. erythromyxa, has a normal form of phospholipid profile, including PG. This, together with the peptidoglycan type L-Lys-L-Ala3+ forces exclusion from Deinococcus and reassignment to Micrococcus.
Routine identification of Deinococcus species is hindered by their general unreactivity on substrates. The similarity in phenotype to the red-pigmented Micrococcus roseus resulted in their classification with Micrococcus (3, 4). This association, however, was based largely on the clustering of negative characters.
Although the deinococci are gram positive, they resemble gram-negative bacteria in biochemical and structural characters (8). The cell envelope of Deinococcus radiodurans has been characterized in the greatest detail, and it is complex and unconventional. The peptidoglycan differs in amino acid composition (Om-Gly2 type) from that of the micrococci (29) ; there is an outer membrane (17, (25) (26) (27) 30) , and the fatty acid profile is reminiscent of gram-negative bacteria (8, 10, 13, 15) .
The deinococci represent phylogenetically distinct clones of ancient lineage, based on 16s ribosomal ribonucleic acid catalog data (8, 23) , and might be expected to have some unique biochemical features. D. radiodurans has been shown to possess none of the conventional bacterial phosphatides (phosphatidyl-glycerol [PG] , -ethanolamine, -choline, or -inositol), but does show a number of unidentified polar lipids (21, 24) .
We have extended the investigation of the polar lipid profiles to the remaining Deinococcus species and can now report on the qualitative examination of polar lipids in these organisms, including representative strains of D . radiodurans.
MATERIALS AND METHODS
Organisms, growth conditions and harvesting. (i) Organisms. Cultures used in this investigation were obtained from the University of Western Ontario (UWO) and the Czechoslovak (CCM) culture collections (Table 1) . For a review of strain designations and sources, see Brooks et al.
(8).
(ii) Growth conditions. All cultures were grown in the medium described by Work and Griffiths (30), modified by the omission of DL-methionhe. The medium consists of (wthol) 0.5% tryptone, 0.3% yeast extract (both from Difco Laboratories, Detroit, Mich.), and 0.1% glucose (McArthur Chem. Co., Montreal). Broth cultures were grown in an * Corresponding author.
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incubator shaker (Psychrotherm, New Brunswick Scientific Co., Inc., Edison, N.J.) at 30°C and 150 rpm for approximately 48 h. Cells were harvested by centrifugation at 13,000 x g for 15 min at 4°C. Cell pellets were stored at -20°C until extracted.
(iii) Lipid extraction. Lipids were extracted at 4°C by the procedure of Bligh and Dyer (6). The procedure allows for many modifications, but the mixture of chloroform, methanol, and water was kept in the proportions of 1:2:0.8 and 2:2:1.8 before and after dilution, respectively. Cell slurry (5 ml) was mixed with 6.25 ml of chloroform and 12.5 ml of methanol and was stirred on a magnetic stir plate for at least 6 h. The mixture was then acidified with 0.1 ml of 5 N HC1 (to assist the extraction of some phospholipids; R. Anderson, personal communication) and left stirring overnight. After filtration through Whatman no. 1 filter paper, the filtrate was collected in conical glass tubes and diluted with chloroform and water, mixed, and allowed to separate. The lower phase was removed; the upper phase was re-extracted with 12.5 ml of chloroform and treated as before (v) Lipid detection. Lipids were detected through reactions with general developing reagents. Lipid detection was carried out by charring after spraying with 25% sulfuric acid in ethanol, immersion in iodine vapor for several minutes, or visualization of spots under ultraviolet light after spraying with an aqueous 0.0012% rhodamine 6G solution (14) .
(vi) General lipid analysis. Identity was determined by mobility and specific chemical detection tests in comparison Figures 1, 2, and 3 show the lipid profiles seen on one-dimensional TLC; Fig. 4 and 5 summarize the corresponding reactions of the lipids. Not all lipids gave reactions with one or more of the reagents used, and only the clearly distinguishable reactions are shown.
No spots corresponding to the mobility and chemical behavior of the common bacterial polar lipids were found in the extracts of D . radiopugnans, D . radiodurans, D .  radiophilus, or D . proteolyticus. D . erythrornyxa showed a lipid with the mobility and reactions of PG, but this comigrated with a fraction showing an anomalous ninhydrin reaction; the profile in this case was resolved by using twodimensional TLC both alone and mixed with an equal amount of a lipid extract from Escherichia coli (Fig. 6a  through c ).
There were lipids in the Deinococcus profiles which had Rf values near the standard phospholipids ( Fig. 2 and 3) . None of these lipids, however, showed the necessary Rf, and qualitative chemistry was needed to confirm that they were identical with any of the lipid standards.
DISCUSSION
Markers that are desirable for identification are seldom the same as those best suited for classification. However, in the case of the Deinococcus species, their general unreactivity makes generic identification dependent upon such traits as radiation survival, peptidoglycan typing, and cell envelope profiles as seen by electron microscopy of a thin section (7, 8). A stable marker for both group and family identification and classification is needed.
Lipid profiles are not yet used routinely in bacterial simplest possible method as an approach to determinatim. The identity of the lipids is for others to study (2).
The taxonomic utility of these polar lipid profiles requires reasonable uniformity within a species. This requirement is somewhat empirical, but for the D . radiodurans strains (nine representatives are shown in Fig. l) , the profile was recognizably conserved. In examining the profile, for overall pattern iq D. radiodurans we observed that the most consistently conserved and readily identifiable feature was the major phosphoglycolipid doublet (Fig. 1) . The lower lipid in this doublet migrates with an Rf similar to PG but is distinguished by its carbohydrate-positive reaction.
The absence of conventional polar lipids in D. radiodurans (21, 24) required that comparison with extracts from the remaining members of the genus be made. We found that the type strains of D . radiopugnans, D . radiophilus, and D . proteolyticus (see Fig. 2 through 5 ) followed a similar principle, exhibiting a large number of strange phospholipids and lacking PG. It appears that the lack of PG is a unique property of the genus. Not enough strains were available to test consistency within these species.
D. erythromyxa, however, appeared to contain PG, but the spot gave an anomalous ninhydrin reaction, which was caused by the comigration of a component that interfered with the identification of PG. Furthermore, the peptidoglycan type of D. erythromyxa has already been determined as L-Lys-L-Ala3-4, corresponding to that of Micrococcus and distinct from Deinococcus (7). These results show that D. erythromyxa should be excluded from Deinococcus and returned incertae sedis to Micrococcus pending further taxonomic study.
One of the D. radiodurans phosphoglycolipids (lipid 7 in reference 25), characterized by Anderson (1) as a novel bacterial alkylamine, has been identified by Anderson and Hansen (2) as 2'-0-(1,2-diacyl-sn-glycero-3-phospho)-3'-0-(galactosy1)-N-D-glyceroyl alkylamine. It seems likely that other polar lipid components from Deinococcus species will be equally unusual, but their identification will take time and expert analysis.
The natural habitat of the members of the genus Deinococcus is unknown, largely because recognition is not easy. They have been isolated a number of times from diverse environments (9, 11, 12, 16) usually selected and characterized by survival after high-dose irradiation. However, radiation resistance may not be completely reliable as an indicator for Deinococcaceae because Moseley (19) showed it to be a mutable character. An interesting additional trait of these bacteria is their apparent extreme resistance to desiccation (22; unpublished data; R. B. Maxcy, personal communication). Whether or not this ability is important to their continued survival and selection for resistance to radiation is unknown. Presumptive tests other than radiation resistance are necessary for assignment to the group. The polar lipid profile along with the presence of ornithine in the peptidoglycan of the wall fits that need.
Cocci with suggestive properties, including moderate radiation resistance, have been isolated from extreme, dry environments exposed to a considerable flux of solar ultraviolet radiation. For example, strains from the "desert varnish" found on rocks in the Mojave desert proved to have a wall structure like Micrococcus and polar lipids of normal bacterial type (20) . On the other hand, one of four such strains isolated from specimens of weathered granite collected in the Antarctic dry valleys (kindly provided by P. Hirsch, University of Kiel) proved to be D . radiopugnuns on the basis of phenotype, ultraviolet resistance, and cell-wall and polar-lipid profiles (unpublished data).
It is possible that these unusual polar lipids may confer properties on the membranes of Deinococcus species thatare important to survival after exposure to extremes of radiation and dessication, but experimental approaches to these questions have not yet been designed. Further study of the unusual polar lipid should facilitate identification, allow recognition of familial relatives, and stimulate efforts to discover the natural environment of these bacteria.
